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1. INTRODUCTION
The introduction of the visible light system for the
photoactivation of composite resins had its beginning
in 1970 with the use of ultraviolet light. However, due
to the adverse effects caused by this light system, it was
substituted quickly by the halogen light system. The
characteristics of the light in this process are factors of
great relevance in the final quality of the cure, because
the incomplete polymerization can cause deteriorations
of the physics and chemicals that compromise the life-
time and the quality of the restoration.
Light-curing units (LCUs) that use a halogen lamp
for the photoactivation of the composite resins are used
more often in dentistry, also being called a conventional
system. The light emitted by these units is generated
when the tungsten filament is heated emitting a visible
blue light in a large spectrum. A filter limits the interval
of the wavelength in the range from 400 to 500 nm
(nanometer). The halogen light-curing unit emits a high
amount of infrared light so that it causes the heating of
the unit. It reduces the lamp’s lifetime and the light
intensity of the emitted light.
The dynamics of the polymerization reaction
depends on the activation of its photosensitive compo-
nent, which, most of the time, is represented by cam-
phorquinone, which needs luminous energy enough to
maintain it in the excitement state or triplate state. This
molecule has the capacity to absorb energy in the wave-
length between 400 and 500 nm, with a maximum
absorption peak of 468 nm. Like this, it is important to
emphasize that all of the energy that is out of this range
of the electromagnetic spectrum is unnecessary for the
photoactivation of the composite resins.
The light intensity, the appropriate exposure time,
the composition of the material, and the type of photo-
initiator have significant effects in the curing depth of
the composite resins [1, 2]. According to Rueggeberg
et al. [3], a direct relationship exists between the light
intensity with the polymerization of different compos-
ite resins.
The light intensity or power density of the light-cur-
ing unit defines the amount of emitted photons
(mW/cm
 
2
 
). Several visible light-curing units are used in
the photoactivation process. Light-curing units that use
as the light source a laser, plasma arch, and LED have
been used for the photoactivation process of the com-
posite resins [4–7].
The LED (light emitted by diodes) technology is
completely different from the halogen lamps, because it
does not use the heating as a generator of the light emis-
sion. The LED is a semiconductor device composed by
several layers of semiconductors doped appropriately
that it emits light when tension is applied among the
layers. The light sources based on the LED present an
emission spectrum, varying among 460 to 488 nm, with
a maximum emission peak at 470 nm, almost coincid-
ing with the maximum peak of camphorquinone
absorption [8, 9]. The light-curing units based on the
LED present advantages in relation to the halogen
light-curing units: with less heating and a low con-
sumption of energy, it is not necessary to use filters with
a longer lifetime and which are portable [10, 11]. Addi-
tionally, this device has an accessible cost and is easy to
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Abstract
 
—The purpose of this study was to evaluate the polymerization effectiveness of a composite resin
(Z-250) utilizing microhardness testing. In total, 80 samples with thicknesses of 2 and 4 mm were made, which
were photoactivated by a conventional halogen light-curing unit, and light-curing units based on LED. The sam-
ples were stored in water distilled for 24 h at 37
 
°
 
C. The Vickers microhardness was performed by the MMT-3
microhardness tester. The microhardness means obtained were as follows: G1, 72.88; G2, 69.35; G3, 67.66;
G4, 69.71; G5, 70.95; G6, 75.19; G7, 72.96; and G8, 71.62. The data were submitted to an analysis of variance
(ANOVA’s test), adopting a significance level of 5%. The results showed that, in general, there were no statis-
tical differences between the halogen and LED light-curing units used with the same parameters.
PACS numbers: 47.54.Fj, 62.20.Qp, 68.35.Gy
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handle [12]. Studies have shown that high-output LED
LCUs have the potential to replace conventional halo-
gen LCUs [8, 13–18].
However, studies have shown that the first genera-
tion of LED LCUs with relatively low irradiances are
sold on the market, which may result in insufficiently
cured composites and, therefore, inferior mechanical
properties of the restorations [15, 19–21]. Research
such as that carried out by Knezevic et al. [22], Tarle
et al. [10], and Dunn and Bush [23] using low-intensity
LED LCUs presented inferior results when compared
to the halogen light-curing units, which presented high
light intensities. Nowadays, new generations of LEDs
have been developed, having higher intensities, similar
to the conventional halogen light-curing units, could
arrive up to 1400 mW/cm
 
2
 
. Wiggins et al. [11] evalu-
ated the efficiency of a second generation of LED for
photoactivation. It was evaluated in terms of the curing
depth, the bond strength, and the temperature increase.
The results showed that the curing depth values and
bond were statistically equivalent to all of the light-cur-
ing units tested with the respective exposure time.
However, in most, there is no standardization of the
light intensity of the units, a factor which is very impor-
tant for the effective polymerization of the composite
resins. Thus, the purpose of this study was to analyze
the polymerization effectiveness of the halogen light
and the of LED light-curing units comparatively, which
present similar light intensities, through the microhard-
ness testing of the composite resin.
2. MATERIALS AND METHODS
For sample preparation, the microhybrid composite
resin Filtek Z-250 was used (3M/ESPE—Dental Prod-
ucts Division, St. Paul, MN 55144-1000, USA—batch
number 1370) at the standardized color A
 
3
 
. Forty sam-
ples were made with a metallic mold, containing a cen-
tral orifice 4 mm in diameter and 2 mm in thickness,
where the resin was inserted with a TD4X spatula
(Thompson Dental, Manufacturing Co. Inc.) in a single
increment and light cured for 40 s with the light tip
positioned at the top surface of the samples, and 40
samples in another similar metallic mold, but 4 mm in
thickness, with the resin inserted in two increments and
light cured for 40 s at each increment. Table 1 shows the
groups investigated in this study.
The metallic molds were positioned in a glass plate
10 mm in thickness and a mylar strip was positioned at
the top and base surfaces of the composite resin. A glass
sheet 1 mm thick was positioned, and put on a weight
of 1 kg, to best compact the resin and to standardize the
thickness of the samples. A total 80 samples were
divided into 8 groups, with 10 samples for each group
with each group light cured using different light-curing
units: halogen, LH (Halogen Curing Light 2500—
3M/ESPE); light emitted by diodes, LED (Ultrablue
LED M1S—DMC and Radii LED—SDI) with its
respective light intensities measured with a radiometer
previously calibrated. Figure 1 shows the emission
spectrum of the three different light-curing units.
The samples were stored in distilled water at 37
 
°
 
C
for 24 h. The microhardness values of the top and base
surfaces were obtained 24 h after the photoactivation.
For this, each surface of the sample was divided in 4
equal quadrants. The microhardness testing machine,
MMT-3 Microhardness Tester (Buehler Lake Bluff, Ili-
nois USA), was equipped with a Vickers diamond
(VHN), using a load of 50 gf for 30 s. On each surface,
the top (turned to the light source) and base (opposite to
the light source) surfaces took place as an impression
for each quadrant. The microhardness mean values
were calculated for each surface. The data were submit-
ted to an analysis of variance (ANOVA’s test) at a 5%
level of significance. A comparison of the thickness of
the composite resin and light-curing units using a two-
 
Table 1.  
 
Experimental groups
Groups Light-curing units Depth
G1 (Control) Halogen lamp curing light 2500 (Modified)*—
400 (
 
±
 
10) mW/cm
 
2
 
 (3M/ESPE)
2 mm
G2 Ultrablue LED M1S-400 (
 
±
 
10) mW/cm
 
2
 
 (DMC) 2 mm
G3 Halogen lamp curing light 2500 (Modified)*—
400 (
 
±
 
10) mW/cm
 
2
 
 (3M/ESPE)
4 mm
G4 Ultrablue LED M1S-400 (
 
±
 
10) mW/cm
 
2
 
 (DMC) 4 mm
G5 Halogen lamp curing light 2500—700 (
 
±
 
10) mW/cm
 
2
 
 (3M/ESPE) 2 mm
G6 Radii LED—700 (
 
±
 
10) mW/cm
 
2
 
 (SDI) 2 mm
G7 Halogen lamp curing light 2500—700 (
 
±
 
10) mW/cm
 
2
 
 (3M/ESPE) 4 mm
G8 Radii LED—700 (
 
±
 
10) mW/cm
 
2
 
 (SDI) 4 mm
 
* For the modification (reduction) of the light intensity of the light-curing unit, curing light 2500 was used as a translucent photocondens-
able point.
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way ANOVA was applied to two fixed criteria with
regards to the group (G1, G2, G3, G4, G5, G6, G7, and
G8) and surfaces (top and base). In the case of the sta-
tistical significance, the Tukey’s test was used for veri-
fication of the contrasts. The “Stata 8” software was
used for processing the analysis.
3. RESULTS
Figure 2 shows the microhardness mean values for
the all groups investigated in this study.
It was observed that the factor “Group” presented a
significant variability. The different groups showed a
significant variability in relation to the microhardness,
independent of the surfaces (top or base). As for the sur-
face factor, there was a significant variability, with a
significant interaction between the group and surface.
Table 2 shows the microhardness means for the dif-
ferent groups. In the general analysis, the higher micro-
hardness mean was verified for group G6, and groups
G7, G1, and G8 were statistically similar to group G6.
A lower microhardness mean was observed for group
G3, statistically similar to G4 and G2.
In the analysis of the groups of photoactivated sam-
ples with a 2-mm thickness, the higher microhardness
mean was verified for G6, which was statistically simi-
lar to G1, and shorter for group G2, which was statisti-
cally similar to G5. Already for those groups with
4-mm samples, the higher microhardness mean was
observed for group G7, which was statistically similar
to G8, and was lower for G3, which was statistically
similar to G4. As for the factor surface, it was observed
that the microhardness mean was higher in the top than
at the base surface. At the top, the higher microhardness
means were verified for G3, G2, and G4. At the base,
the higher microhardness means were observed for G3,
G4, and G5.
4. DISCUSSION
The use of LED as the light source to photoactivate
the polymerization reaction of the composite resins was
proposed in 1995 and, since then, it has been submitted
to alterations of the parameters for an appropriate poly-
merization [13].
An inconvenience of the first LED generation intro-
duced on the market was the low intensity for the
diodes, whereby it was necessary to use several LEDs
in the same unit to obtain a light intensity with enough
radiation for the appropriate polymerization [24]. That
first generation presented a light intensity inferior to
150 mW/cm
 
2
 
, which was insufficient for an appropriate
polymerization. Research comparing a low-light inten-
sity LED with high-intensity halogen lamps presented
inferiors results for LEDs [10, 21, 22, 25]. Nowadays,
new generations of LEDs have been introduced o the
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Fig. 1.
 
 Emission spectrum of the light-curing units.
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Fig. 2.
 
 Vickers microhardness values for different surfaces
(top and base).
 
 
 
Table 2.  
 
Mean, standard deviation, and Tukey’s test for the
interaction group and surfaces (top and base)
Group Top Base
G1 76.32 69.44
G2 70.94 67.76
G3 70.79 64.54
G4 73.60 65.82
G5 76.32 65.58
G6 76.31 74.08
G7 75.24 70.67
G8 75.26 67.97
 
Note: Standard deviation of each mean = 1; Tukey = 4.95.
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market, presenting high-light intensities generating the
best results for these units [26]. In this study, we used
the halogen light with a light intensity of 400 mW/cm
 
2
 
as the control group (G1) for 40 s of exposure time for
a light-cured 2-mm-thick composite resin, following
recommendations in the literature [1].
Group 3 (G3) was utilized as the control group for
4 mm thick, which was light cured in two increments.
The same parameters were used for the LED sources. It
was also used as an additional parameter for all of the
light sources, where a high-light intensity was applied
(700 mW/cm
 
2
 
). In the individual evaluation comparing
the different light sources with the same intensity (G1
and G2; G3 and G4; G5 and G6; G7 and G8) for the top
and for the base surface, the LED light-curing units pre-
sented, in general, similar microhardness values to the
halogen light-curing unit. The curing of the composite
materials can be estimated using the hardness measure-
ments [27]. Research such as that carried out by Fujiba-
yashi et al. [28] and Mills et al. [13], LEDs with the
same light intensity (power density) as the halogen
light source presented a greater polymerization depth;
however, the intensity of all of the units from these
studies were inferior to 300 mW/cm
 
2
 
, which is insuffi-
cient for adequate polymerization, which supports the
hypothesis that, in low-light intensities, LEDs present a
better result than halogen lamps probably since its light
has a more appropriate wavelength for the polymeriza-
tion of most of the composite resins [29]. In the general
evaluation of the units and the light intensities used in
relation to the control group (G1 at 2 mm with G2, G5,
and G6 and G3 at 4 mm with G4, G7, and G8), the
effectiveness of the polymerization of the samples
2 mm thick, in general, did not show statistical differ-
ences, independent of the surfaces (top or base). At
4 mm of thickness, the units with a high-light intensity
(700 mW/cm
 
2
 
) showed a superior result to the units
with 400 mW/cm
 
2
 
. The microhardness of the compos-
ite resin will decrease with an increasing depth. Since
the useable curing wavelengths are attenuated in the
resin, less camphorquinone will be activated.
Regarding the microhardness values on different
surfaces, our results showed that the microhardness
means at the top surface were significantly higher than
in the base. The superficial portion presented a more
complete polymerization of the composite resin. How-
ever, all of the commercial light-curing units used in
this study promoted an adequate polymerization on the
base surface. These results are in agreement with sev-
eral studies, which found the results of the microhard-
ness were inversely proportional to the polymerization
depth [22, 27, 30]. The difference in the microhardness
values for the base surface was 20% or less that for the
top surface indicating an adequate curing depth [31].
The light-curing units based on LEDs are shown to use
less power, have a longer lifetime, and a greater dura-
bility than conventional light-curing units. The light-
curing units based on LEDs have a narrow spectral
range with a peak around 470 nm, which matches the
optimum absorption wavelength for the activation of
the camphorquinone photoinitiator. The LED units
generate minimal heat, so there is no requirement for a
cooling fan with its associated noise and power con-
sumption. The efficiency of the conversion of electrical
energy to useable curing energy is higher for blue LEDs
than for conventional lamps (14 versus 1%, respec-
tively). For halogen lamps, up to 70% of the input
power is converted to heat and only 10% is visible light.
Of this visible light, a further 90% is lost due to the use
of cutoff filters. Ultimately, the blue-light output is only
1% of the total energy input. A single LED LCU has
commercial and technical advantages. Compared with
the first generation of LEDs, the new single LED LCU
is cheaper and the manufacturing is less complex and
time consuming. This new generation achieved a higher
irradiance and depth of curing than the halogen LCU,
which indicates that the new LED may lead to
enhanced mechanical properties of composites.
In general, the halogen and LED light-curing units,
which presented the same light intensity, and promoted
similar results in the curing depth of the composite
resin. Research with this new generation of LED to
prove its effectiveness in the photoactivation of the
composite resins is necessary.
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